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Description 

BACKGROUND OF THE INVENTION 

s Field of the Invention 

The present invention relates generally to a method and an apparatus for vapor deposition, such as 
Metalorganic Chemical Vapor Deposition (MOCVD). More specifically, the invention relates to a method and 
an apparatus for vapor deposition for epitaxial growth of semiconductor layer, such as thin compound 
10 semiconductor layer, on a substrate. 

Description of the Background Art 

Recently, epitaxial growth of semiconductor layer, such as thin compound semiconductor layers, is 
is regarded as an important technology for producing high efficiency semiconductor devices. Especially since, 
it is not possible in the conventional art to produce semiconductor devices utilizing hetero-j unction, such as 
laser diode, high electron mobility field effect transistor (HEFT), hetero-junction bipolar transistor (HBT) and 
other AlGaAs system semiconductor devices, except by vapor deposition process, especially MOCVD 
process. 

20 During epitaxial growth process, growth parameters, such as composition of grown layer, growth speed 
and so forth preferably should be monitored by way of so-called "in-situ monitoring". However, it has been 
difficult to perform in-situ monitoring in the conventional epitaxial growth apparatuses including silicon 
epitaxial growth apparatuses. Therefore, in-situ monitoring has not been performed in the conventionally 
available apparatus. 

25 In the recent years, there has been proposed a Reflecting High Energy Electron Diffraction (RHEED)- 
method to monitor the surface of the layer of AlGaAs grown by molecular beam epitaxial (MBE) method and 
as a feedback for the growth apparatus. However the proposed method is not regarded as practically 
applicable. The reason being that, since, in the MBE method, spacial distribution of molecular beam flux 
has high and unique anisotropy requiring rotation of the substrate in order to obtain uniformity of the 

30 semiconductor layer surface, and consequently, vibration or swaying of the substrate caused during rotation 
makes it difficult to perform in-situ monitoring by RHEED method in which the electron ray is irradiated at a 
low angle (a few degrees). 

On the other hand, in the J. Appl. Phys. 51(3), pp 1599-1602, published on March, 1980, there has 
been proposed a method of performing in-situ monitoring by ellipsometric (diffracting beam analysis) 

35 method for monitoring GaAIAs-GaAs super lattice epitaxial growth grown by MOCVD method. This 
ellipsometric method monitors layer growth and derives information of the layer thickness and the refraction 
index of the layer and so forth based on phase data of reflected light, by irradiating polarized light toward 
the growing layer at a low angle. This method is regarded as effective in performing in-situ monitoring, but 
involves disadvantages in that: 

40 (1 ) it requires a polarized light inlet window and a reflected light outlet window in the appatatus strictly 
limiting the construction of the apparatus; 

(2) also, in this method, demands great accuracy in setting of the incident angle of the incident light 
requiring troublesome alignment adjustments, of the entire arrangement including the angle of the sample 
set on a heating base; 

45 (3) since the polarized light has a low angle of incidence passing through growing gas for a relatively 
long distance, a high level of noise due to disturbance by the gas is caused; 

(4) any slight change of the sample position or vibration will have a large affect on monitoring; and 

(5) since the monitoring data is output in the form of phase data, it becomes necessary to utilize a 
computer for extracting growth parameters therefrom. 

so In EP-A-0101049 a method and an apparatus are disclosed for controlling the thickness of a thin layer 
on a substrate, applicable either for etching of such a layer or for deposition of such a layer, comprising the 
provision of a reaction chamber, of a light source for irradiating the thin film surface substantially a right 
angle of incidence, of means for receiving the light reflected from the surface in order to monitor a 
characteristic parameter such as e.g. a thickness parameter or a growth parameter and to generate 

55 respective indicative signal thereof, further comprising means for generating a response-signal which serves 
as a indication that certain process conditions should be altered, e.g. terminating the etching or respectively 
the growth. 
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In Patent Abstracts of Japan, Vol. 2, No. 100 (18.8.78) p. 1833, C 78 a rotary chemical vaporation 
apparatus for multilayer thin film deposition is disclosed. This apparatus comprises a turntable on which 
substrates are placed. During deposition the film thickness is detected and the film formation stopped when 
the thickness reached the set value. This detection includes the use of a light beam, directed onto a 
5 number of substrates swivelling together with the turntable. Light reflected from the substrates enters a 
fotometer which output corresponds to the change of reflected light intensity and is applied to a control 
circuit. Thus calculation of repeated number of periodic change in film thickness, which is previously 
calculated or measured, and the detected intensity of reflected light gives the film thickness. 

70 Summary of the Invention 

Therefore, it is an object of the present invention to provide a method and apparatus for vapor 
deposition of semiconductor layers, allowing in-situ monitoring. 

The method for vapor deposition also includes monitoring of growth of semiconductor layer by way of 
75 in-situ monitoring. 

According to the invention, in-situ monitoring of a refraction index of the thin layer derived on the basis 
of the intensity of reflected light is performed while irradiating a light beam onto the surface of the growing 
layer in a direction substantially perpendicular to the surface. Growing parameters of the layer can be 
detected by monitoring variations in magnitude of the light reflected by the surface of the layer. Growth 
20 conditions in vapor deposition are feedback controlled based on the detected growing parameter. 

According to the invention, an apparatus for implementing the vapor deposition method set forth above 
is also provided. 

The method for controlling growth and composition of a thin layer grown by means of vapor deposition, 
comprises the steps of: 

25 irradiating light beams onto the surface of the thin layer with an incident angle substantially at a right 
angle with respect to the thin layer surface; 

receiving a light beam reflected from the thin layer for monitoring the growth parameter "refraction 
index" and producing an intensity dependent growth parameter indicative signal; and 

feedback controlling growing conditions of the thin layer based on the growth parameter indicative 
30 signal. 

In the method according to the invention, a special growth parameter is derived on the basis of the 
intensity of the light beam reflected by the thin layer. This growth parameter is a refraction index of the 
layer to be derived on the basis of the intensity of the reflected light beam. An additional growth parameter 
may be the composition of the thin layer and/or the relative intensity of the reflected light with respect to the 
35 intensity of the light beam irradiated onto the thin layer. The relative intensity of the reflected light with 
respect to the intensity of the light beam to be irradiated is variable depending upon wavelength of the light 
beam irradiated. 

In practice, the thin layer is formed on a substrate which is mounted on a susceptor which has a slightly 
inclined mounting surface. The susceptor is rotatable about a center axis thereof at a given constant speed. 

40 The substrate on the susceptor is cyclically irradiated by the light beam for reflecting the light beam at an 
intensity variable depending upon variation of the growth parameter. The growing condition is adjusted by 
adjusting flow rate of a reaction gas. 

An apparatus for vapor deposition for forming a thin layer comprises first means for defining a reaction 
chamber, through which a controlled amount of a reaction gas flows, second means for irradiating a light 

45 beam on to the growing layer at an incident angle near to a right angle with respect to the surface of the 
growing layer, third means for receiving the light beam reflected by the growing layer for producing a signal 
indicative of the intensity of the reflected light beam, fourth means for deriving growth parameters of the 
thin layer based on the reflected light beam indicative signal, and fifth means for controlling growing 
condition oif the thin layer on the basis of the growth parameter so that the growth parameter coincides with 

so a predetermined value. 

According to the invention fourth means derives a thickness of the thin layer based on the reflection 
indicative signal value dependent on a refraction index of the thin layer and may also derive relative 
reflected light intensity relative to a reference light intensity for detecting composition of the thin layer. In 
case that the fourth means derives the relative reflected light intensity, the fourth means derives the 

55 reference light intensity based on the reflected light intensity measured in advance of starting deposition of 
the thin layer.. In the alternative, the fourth means derives the reference light intensity based on the light 
intensity of the light beam to be irradiated onto the thin layer. 
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The thin layer is grown on a substrate by way of metalorganic chemical vapor deposition, and the 
reference light intensity is derived on the basis of the reflected light intensity measured with respect to the 
substrate. 

Preferably, the thin layer is grown on a substrate mounted on a susceptor disposed within the reaction 
5 chamber, by way of metalorganic chemical vapor deposition, the susceptor is rotatable with the substrate 
about a central rotary axis at a given speed to align the substrate to the second means at a given angular 
position during rotation. The second means comprises a plurality of light beam sources for irradiating light 
beam at nearly right angles with respect to the surface of the substrate, each of the light beam sources 
being arranged to be aligned with the substrate at a predetermined angular position of the susceptor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully from the detailed description given herebelow and 
from the accompanying drawings of the preferred embodiment of the invention, which, however, should not 
75 be taken to limit the invention to the specific embodiment but are for explanation and understanding only. 
In the drawings: 

Fig. 1 is a fragmentary illustration of the preferred embodiment of an apparatus for performing MOCVD 
method for growing a semiconductor layer on a substrate and for performing in-situ monitoring for 
feedback controlling growth condition; 
20 Fig. 2 is an enlarged section of the semiconductor substrate and the semiconductor layer growing on the 
substrate, which is utilized for discussion of principle of the invention; 

Fig. 3 is a graph showing variation of intensity of a reflected light in relation to the thickness of the 
semiconductor layer; 

Figs. 4(A), 4(B), 4(C) and 4(D) are graphs showing variation of intensity of reflected light with respect to 
25 growth period; 

Fig. 5 is a graph showing relationship between the composite ratio (x) of Al in AlxGat-x forming the 
semiconductor layer, and reflected light intensity ratio (b/a); 

Fig. 6 is a graph showing relationship between the composite ratio (x) of Al in Al x Gai- x As forming the 
semiconductor layer, and refraction index (n); 
30 Fig. 7 is a graph showing variations of reflected light intensity during growth of multiple layers with 
respect to growth period; 

Fig. 8 is a fragmentary illustration of another embodiment of an apparatus for carrying out MOCVD 
operations; 

Fig. 9 is a graph showing reflected light intensity ratio (b/a) with respect to wavelength (X); 
35 Fig. 10 is a fragmentary illustration of a third embodiment of an apparatus for performing MOCVD 

Figs. 11(A), 11(B): 11(C) and 11(D) are charts showing variation of reflected light intensity monitored 
through different optical windows; 

Fig. 12 is a graph showing variation of reflected light intensity with respect to growth period; 

40 DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawings, particularly to Fig. 1, the first embodiment of an apparatus performs 
MOCVD method for growing semiconductor layer 2 on a substrate 1 . The substrate 1 is disposed within a 
crystal reaction tube 5 and mounted on a susceptor 6 disposed within the internal space 3 of the reaction 

45 tube 5. The susceptor 6 is made of carbon, for example, and has a inclined or skewed support surface to 
support the substrate 1 thereon. At the axial upstream of the susceptor 6, a base 7 is disposed within the 
reaction tube 5 in alignment to the susceptor 6. The base 7 has a height corresponding to the height of the 
susceptor 6 at the end mating the base 7. 

The reaction tube 5 is surrounded by an RF coil 8. The RF coil 8 is adapted to heat the substrate 1 at a 

so predetermined temperature. A growing gas or reaction gas is introduced into the reaction tube 5 and flows 
through the reaction tube as shown by an arrow A. By this process, a thin layer is grown on the surface of 
the substrate 1 . 

The MOCVD apparatus also incorporates a system for monitoring the growth parameters of the layer 
and feedback controlling the growth conditions. The system includes a light source 9. The light source 9 is 
55 positioned at a given distance from the reaction tube 5. In the shown embodiment, He-Ne laser is employed 
as the light source. The He-Ne laser 9 generates laser beam 4 of a wavelength (X) of 632,8nm (6328A), The 
laser beam 4 emitted from the laser 9 passes through a chopper 10, a lens 11 and crystal wall of the 
reaction tube 5 to irradiate the surface of the substrate 1 . The lens 1 1 employed in the shown embodiment 
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preferably has a focal distance of 500 mm. 

The laser beam 4 is then reflected by the substrate 1, The reflected laser beam is detracted by means 
of a reflective mirror 12 to irradiate a photomultiplier tube 16 through a diffusion plate 13, a neutral density 
(ND) filter 14 and a color filter 15. In the shown arrangement, the diffusion plate 13, the ND filter 14 and the 
5 color filter 15 are piled to each other. The ND filter 14 is so designed as to absorb the reflected laser beam. 
On the other hand, in the preferred construction, the color filter 15 is selected to pass the light over the 
wavelength of 600 nm. 

The photomultiplier tube 16 is adapted to detect the reflected light. The photomultiplier tube 16 is 
connected to a lock-in amplifier 17. The lock-in amplifier 17 is also connected to the chopper 10. The lock- 
io in amplifier 17 is thus cooperative with the chopper 10 to pass only photomultiplier tube output generated in 
response to laser beam selected by the chopper to a recorder 18. The recorder 18 receives the output of 
the photomultiplier tube 16 for recording variation of reflected light intensity with respect to the growth 
period on a chart. 

In the preferred embodiment, a component of the laser beam 4 passing the chopper 10 is reflected by 
75 the flat surface of the lens 1 1 . The light component reflected by the lens 1 1 is detracted by means of a 
reflective mirror 1 9 towards a power meter 20. The output of the power meter 20 is connected to a recorder 
22 through an amplifier 21 . The recorder 22 records variations in the intensity of the light reflected by the 
lens with respect to the growth period. In order to maintain accurate monitoring results, in the preferred 
embodiment the value recorded in the recorder 18 is divided by the value recorded in the recorder 22 at 
20 the mutually corresponding growth period. Therefore fluctuations of the intensity of the laser beam will 
never affect the monitoring results. 

With the apparatus as set forth above, the principle of the invention will be discussed hereafter in order 
to facilitate better understanding of the invention. For discussing the principle of the invention, it is assumed 
that the semiconductor layer 2 to be formed on the substrate has a thickness of d and that the substrate is 
25 placed within a reaction gas atmosphere 3. The light of the wavelength X is irradiated on to the surface of 
the semiconductor layer in substantially perpendicular direction to the surface of the layer. The Fresnel's 
reflection coefficient at the borders between the layer 2 and the reaction gas 3 and between the layer 2 and 
the substrate 1 can be illustrated by the following formulae: 



30 



35 



40 



45 



50 



55 



£ _ "1 "2 (1) 



1 



^2 " *3 (2) 



*2 + *3 



where rij (j = 1 , 2, 3) is complex refractive index of a material j and can be illustrated by: 
nj = nj - tKj (3) 

where nj is real number component of nj, and kj is (4W\).arj (aj is an absorption coefficient of the 
material j). 

Here, in consideration of overlapping reflection, the composite reflection coefficient R can be illustrated 

by: 

R » 2 1 (4) 

1 + *1 *2 ex P <-^> 
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5 = (4*7 X) n 2 d (5) 

Therefore, the measured reflection intensity becomes j R j 2 . From the foregoing formulae (4) and (5), it 
would be appreciated that the reflection intensity varies cyclically as d increases. Assuming m = 1,2, 3..., 
5 the following formula is derived from the formulae (4) and (5): 



(X / 4) (2m + 1) : Lover peak 

(< 

(X I 4) (2m) Upper f>«ak 



Fig. 3 shows a result of an experimentally performed calculation utilizing the foregoing formula (4) with 
is respect to thin semiconductor layer of AUGa^xAs (x = 0.57). For performing calculation, it is assumed that 
m = 4.11, at = 81800 cm -1 , n 2 = 3.66, a 2 = 24200 cm" 1 , n 3 = 1, a 3 = 0. As will be seen from Fig. 3, 
when cyclical variation of the reflected light intensity according to growing magnitude d of the layer 2 is 
observed by irradiating the laser beam with an incident angle substantially perpendicular to the surface of 
the layer, the complex refraction index n 2 of the growing layer, which represents composition of the layer, 
20 can be obtained. 

Based on the principle set forth above, an experiment is performed for growing AIGaAs semiconductor 
layer on a GaAs substrate. In the experiment, the GaAs substrate 1 in the reaction tube 5 is heated to a 
temperature of 700 °C by means of the RF coil 8. As a Ga containing material and Al containing material, 
trimethylgallium (TMG) and trimethylaluminium (TMA) are used. TMG flows through the reaction tube 5 in a 

25 fixed flow amount, i.e. 10 ml/min. On the other hand, flow amount of TMA is varied at 5 ml/min, 10 
ml/min, 20 ml/min, 40 ml/min. In addition, in order to avoid accumulation of reactant within the reaction 
tube, which tends to interfere with the laser beam 4, relatively high speed flow velocity of the reaction gas is 
selected, e.g. higher than 1m/sec. 

The results of measurements of the reflected light intensity are shown in Fig. 4. The Al composition x in 

30 the grown semiconductor layer of A^Ga^x As was measured based on photoluminescence. From this, it is 
apparent that the Al composition x is variable depending upon the flow amount of TMA. Namely, in the 
aforementioned experiment, the Al compositions x with respect to flow amount of TMA are 0.26, 0.40, 0.57 
and 0.72. On the other hand, after growing to the thickness d, the AlxGa^xAs layer 2 was measured by 
means of scanning-type electron microscope (SEM). Based on the measured d, refraction index of the layer 

35 was derived according to the foregoing formula (6). Furthermore, absorption coefficient a 2 was also derived 
based on the absorption rate of the reflected light intensity according to the following formula: 

I = l 0 exp(-cr 2 .d) 

40 where lo is the reflection light intensity at the layer thickness 0, 
I is the reflection light intensity at the layer thickness d. 

The results are shown in the following table. It should be noted that the data with respect to GaAs 
shown in the table are obtained from vibration analysis of curve of reflection light intensity when AlAs is 
grown on GaAs substrate and subsequently GaAs is grown on the AlAs layer. 

45 



50 



w 



n 2 d 



55 



6 



EP 0 233 610 B1 




Based on the results set out above, process for deriving growth parameter during growing of the layer 2 
55 may be discussed herebelow. Fig. 5 plots a ratio (b/a) of reflected light intensity b at the first trough in the 
wave form depicted in Fig. 3 versus the reflected light intensity a of the GaAs substrate 1 , in relation to the 
Al composition x. Utilizing the graph of Fig. 5 and based on the reflected light intensity at the first trough of 
the wave pattern the Al composition x of the growing Al x Ga^As can be obtained. The first trough of the 
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wave pattern corresponds approximately to the layer thickness of 40 nm. 

Fig. 6 is a graph corresponding to the foregoing table. In Fig. 6, the refraction index n becomes 
discontinuous around the Al composition x of 0.8. This is caused due to presence of band-gap in 
AlxGa^xAs. Since the Al composition x can be derived from Fig. 5, the refraction index n can be derived 

5 utilizing the graph of Fig. 6. Accordingly, by utilizing the derived refraction index, and according to the 
formula (6) set forth above, the layer thickness at the trough in the wave pattern representing the reflected 
light intensity can be derived. By dividing this thickness by growth period to the first trough of the wave 
pattern, growing speed of the layer can be derived. After once establishing an analytical curve based on the 
graphs of Figs. 5 and 6 and based on the formula (6), measurements can be performed directly by utilizing 

io the analytical curve. 

Since in-situ monitoring for growth speed and Al composition x of an AlxGa^xAs thin layer in growing 
process becomes possible, feedback control for the MOVCD apparatus is performed. In feedback control, 
data indicative of the growth parameters, such as growth speed, Al composition and so forth, are fed back 
to a mass flow controller (MFC) of the MOVCD apparatus. By this, when the growth parameter indicates a 
75 value unacceptably different from a desired value, concentration of the reaction gas is adjusted. Therefore, 
the growth of the semiconductor layer can be precisely and successfully controlled. 

When the incident angle of the laser beam 4 fluctuates, an error may occur in the results of the 
measurement. Namely, when the laser beam 4 is at an angle other than 90° with respect to the layer 2, the 
length of an optical path of the laser beam through the layer 2 expands shortening the interval of 
20 interference. For instance, when the optical path length expands at 1%, the interval of interference may be 
shortened by 1%. In this case, assuming the n 2 of the AIGaAs layer 2 is 3.5, the incident angle can be 
derived according to Snell's law. Namely, the incident angle of the laser beam 4 can be illustrated by the 
following formula: 

25 n 3 .sin 0 = n 2 .sin 6* 

where 

e is the angle of incidence; 
e* is the refraction angle: 
30 n3 is refraction index (= 1) of gaseous phase. 

Here, when cos 0' is 0.99, the refraction angle 0' is derived herefrom as 8°. Therefore, the incident 
angle $ can be illustrated by: 

6 = sing~ 1 (3.5.sin 8°) = 30° 

35 

As will be appreciated herefrom, even when the incident angle fractuates at 30°, the error in the 
measurement results may be approxiamtely 1%. This is significantly smaller than that in ellipsometric 
method. Furthermore, according to the shown embodiment, the laser beam and the reflected beam pass 
through a common window provided in the reaction tube 5, thus construction limitations of the apparatus are 

40 reduced. In addition, since the reflected light intensity and the optical path length will not be significantly 
affected by small changes in the angle of incidence of the laser beam, it is not necessary to accurately and 
precisely adjust the axis of the laser beam. Additionally, in the shown embodiment, since the optical path 
length of the laser beam through the reaction gas can be shortened in comparison with that in the 
ellipsometric method, noise due to disturbance of the reaction gas can be reduced. 

45 Fig. 7 shows variation of the reflected light intensity in another experiment utilizing the MOCVD 
apparatus of Fig. 1 . In the experiment, first a GaAs layer was grown on the GaAs substrate by flowing TMG 
at a flow rate of 20 ml/min Thereafter, on the grown GaAs layer, an AlAs layer is grown by flowing TMA at 
a flow rate of 40 mX/min and subsequently a GaAs layer is grown on the AlAs layer. As will be observed 
from Fig. 7, the vibration curve appearing during growing process of AlAs is distinct from that during 

so growing process of GaAs. Therefore, the monitoring method as set out with respect to the foregoing 
experiment is applicable for monitoring growth of multiple layers. Therefore, by feeding back the growth 
parameter derived from monitoring growing conditions to MFC of the MOCVD apparatus, the composition of 
the semiconductor layer to be grown and growing speed can be controlled. 

Fig. 8 is another embodiment of an apparatus for implementing MOCVD process and implementing the 

55 preferred vapor deposition method according to the invention. In the following disclosure, the elements 
common to those of the former embodiment of Fig. 1 will be represented by the same reference num rals. 
In the shown embodiment, a white light source 23 is employed as a light source and as a replacement of 
the laser in the former embodiment. The light emitted from the light source 23 illuminates a high speed 
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scanning photospectroscope 25 through a lens 24. The high speed scanning photos pectroscope 25 
employed in the shown embodiment is selected to perform high speed scanning at a speed high enough to 
have a satisfactorily short scanning interval so that the variation of thickness of the semiconductors layer 
due to growing on the substrate 1 is substantially small and can be ignored during the scanning interval. At 

5 present, high speed scanning photospectroscopes which can perform one cycle of scanning operation 
within a scanning period less than 1 sec are available on the market. Therefore, the shown embodiment 
employs one of such high speed scanning photospectroscopes. The spectrum light beam from the 
photospectroscope 25 passes the chopper 10, the lens 11, a beam splitter 26 and the peripheral wall of the 
reaction tube 5 to irradiate onto the substrate 1 on the susceptor 6. Similar to the foregoing first 

io embodiment, the incident angle of the light beam to be irradiated onto the substrate 1 is approximately 90° 
relative to the surface of the substrate. The light beam reflected by the substrate 1 or the semiconductor 
layer growing on the substrate is deflected by means of the deflector mirror 12 to be received by the 
photomultiplier tube 16. The photomultipiier 16 outputs a light intensity indicative signal representative of 
the intensity of the received light beam and feeds the light intensity indicative signal to a data collecting 

75 section 27 through the amplifier 17. As in the foregoing first embodiment, the amplifier 17 comprises a lock- 
in amplifier and is so cooperated to the chopper to be controlled in operation. Specifically, the amplifier 17 
passes only output signals of the photomultiplier 16 generated with respect to the light beam selected by 
the chopper. 

On the other hand, the light beam component split by means of the beam splitter 26 is received by 

20 means of another photomultiplier tube 28. The photomultiplier 28 also outputs a light intensity indicative 
signal representative of the intensity of the received light beam component and feeds the light intensity 
indicative signal to the data collecting section 27 through an amplifier 29. Similarly to the amplifier 17, the 
amplifier 29 comprises a lock-in amplifier and is so cooperated to the chopper as to be controlled in 
operation. Specifically, the amplifier 29 passes only output signals of the photomultiplier 28 generated with 

25 respect to the light beam selected by the chopper. 

The data collecting section 27 is connected to a pressure sensor 33 designed for monitoring pressure in 
the reaction tube. The pressure sensor 33 produces a pressure indicative signal indicative of the pressure in 
the reaction tube. The data collecting section 27 is also connected to a computer based controller 30. On 
the other hand, the controller 30 is connected to an MFC control section 31. The MFC control section 31 is 

30 controllably connected to MFC 32 for controlling an amount of the reaction gas to flow through the reaction 
tube 5 and MFC 34 for controlling flow rate of a carrier gas. The controller 30 derives a carrier gas flow 
control signal based on the value of the pressure indicative signal from the pressure sensor 33 so as to 
maintain the pressure in the reaction tube 5 at desired value. The MFC control section 31 thus operates the 
MFC 34 for adjusting the carrier gas flow rate. On the other hand, the controller 30 receives the light 

35 intensity indicative signal from the photomultiplier 16 through the amplifier 17 for deriving the reaction gas 
supply amount. Based on the derived reaction gas flow amount, the controller derives a reaction gas flow 
control signal. The MFC control section 31 thus operates the MFC 32 to adjust the amount of reaction gas 
flowing through the reaction tube 5. 

The operation of the second embodiment of the MOCVD apparatus with monitoring of growth 

40 parameters will be described herebelow. At first, the controller 30 outputs the reaction gas flow control 
signal to the MFC control section 31 to operate the MFC 32 to flow a predetermined amount of reaction gas 
through the reaction tube 5. At the same time, the high speed scanning photospectroscope 25 is activated 
to start scanning operation. By starting operation of the photospectroscope 25, the light beam through the 
photospectroscope 25, the chopper 10, the lens 11, the beam splitter 26 scans on the substrate 1 and the 

45 semiconductor layer growing on the substrate. The light beam reflected by the surface of the growing 
semiconductor layer is deflected by the deflector mirror 12 to irradiate the photomultiplier tube 16. The light 
intensity indicative signal is thus output from the photomultiplier tube 16 and input to the data collecting 
section 27 through the lock-in amplifier 17. At the same time, the photomultiplier tube 28 receives the light 
beam component splitted by the beam splitter 26 to output the light intensity indicative signal. The light 

so intensity indicative signal of the photomultiplier tube 28 is input to the data collecting section 27 through the 
lock-in amplifier 29. Assuming the value of the light intensity indicative signal of the photomultiplier tube 16 
is A and the value of the light intensity indicative signal of the photomultiplier tube 28 is B, the reflection 
intensity (B/A) as a coefficient of light beam wavelength X, varies as shown in Fig. 9. The reflection intensity 
data (B/A) is also stored in the data collecting section 29 and analysed by the controller 30. Based on the 

55 results of the analysis, the controller 30 produces the reaction gas flow control signal to control MFC 32 
through the MFC control section 32. Therefore, the reaction gas flow amount through the reaction tube 5 is 
controlled to adjust composition of the growing semiconductor layer and speed of growth. Therefore, growth 
condition of the semiconductor layer can be feedback controlled based on the reflection intensity data as a 
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coefficient of the wavelength X of the scanning light beam by in-situ monitoring. 

Fig. 10 is the third embodiment of MOCVD apparatus according to the present invention. As will be 
seen from Fig. 10, this embodiment is applied to vertical-type MOCVD apparatus. The apparatus includes a 
bell jar 40 and a disk shaped susceptor 41. A plurality of substrates 1 are mounted on the susceptor 41. 

5 Though it is not clearly shown in the drawing, the susceptor 41 is rotatably associated with a drive shaft (not 
shown) for rotation within a bell jar 40. It should be appreciated that the shown MOCVD apparatus of Fig. 10 
has a heating device and a gas introduction system which are arranged in per se well known manner. 

The bell jar 40 is formed with optical windows 42a, 42b, 42c and 42d~a7ound the top thereof. In the 
preferred embodiment, the optical windows 42a, 42b, 42c and 42d are formed of transparent quartz 

70 material. These optical windows 42a, 42b, 42c and 42d are radially arranged at positions corresponding to 
the positions of the substrates 1 on the susceptor 41 and are circumferentially arranged at regular intervals. 
Furthermore, the surfaces of the optical windows 42a, 42b, 42c and 42d are formed to be optically flat so as 
not to cause diffusion of the incident light beam and reflected light. Pairs of optical fibers 43a and 43b are 
connected to respective optical windows 42a, 42b, 42c and 42d for irradiating light beams onto the 

75 substrates 1 and on the susceptor 41 and receiving the reflected light. Each optical fiber 43a is arranged in 
order to receive light beam from the laser 44 as the light beam source through the chopper 45 and the 
beam splitter 46. Similarly to the foregoing second embodiment, the beam splitter 46 splits the light beam 
from the laser 44 to feed the split light component to the photomultiplier tube 47. The photomultiplier tube 
47 outputs the light intensity indicative signal to feed the same to the data collecting section 48 through the 

20 lock-in amplifier 49. 

On the other hand, the light beam from the laser passes through optical fiber 43a to be irradiated onto 
the surface of the substrate 1 or the semiconductor layer growing on the substrate through the optical 
window 42a, 42b, 42c and 42c. The reflected light from the substrate 1 is received by the optical fiber 43b 
and fed to the photomultiplier tube 50. The photomultiplier tube 49 produces the reflected light intensity 

25 indicative signal to be fed to the data collecting section 48 through the lock-in amplifier 51 . 

In the practical in-situ monitoring for feedback controlling reaction gas flow amount by means of the 
controller 52 and the MFC control section 53, the light beams from the laser 44 are constantly irradiated 
through the optical windows 42a, 42b. 42c and 42d. Since the susceptor 41 is designed not to reflect the 
irradiated light beam, light beam can be detected only when the light beam is irradiated onto one of the 

30 substrate 1 . Therefor, during one cycle of rotation of the susceptor 41 , the substrate 1 opposes respective 
optical windows 42a, 42b, 42c and 42d in sequential order. While one of the substrates 1 opposes one of 
the optical windows 42a, 42b, 42c and 42d, the light beam from the laser 44 is reflected by the substrate 
and received by the optical fiber 43b. Based on the data collected in the data collecting section, the 
reflection intensity (B/A) is derived as the coefficient of the wavelength X. The controller 42 thus produces 

35 the reaction gas flow control signal for controlling the reaction gas flow rate through the MFC control section 
53. 

In the practical operation, the susceptor 41 is driven at a rotation speed 20 r.p.m. to 30 r.p.m. The laser 
44 employed in the shown embodiment is a He-Ne laser and generates laser beam of the wavelength X of 
632,8nm (6328A). During the semiconductor layer growth period, the reflected light intensity indicative 

40 signals are cyclically produced by respective photomultiplier tubes 50 which are connected to correspond- 
ing optical windows 42a, 42b, 42c and 42d through she optical fibers 43b, as shown in Figs. 1 1 (A). 1 1 (B), 
11(C) and 11(D). Assuming one of the substrates on the susceptor 41 is placed in alignment with the optical 
window 42a at a time ti , the same substrate is positioned in alignment with respective optical windows 42b, 
42c and 42d at times fc, U and U. The reflection intensities Ri (Bi/Ai), R2 (B2/A2), R3 (B3/A3) and FU - 

45 (B4/A4) are obtained at respective times ti, fe, U and U. After U, the same substrate 1 is again placed in 
alignment with the optical window 42a. at a time ts, with the optical window 42b at a time and with the 
optical window 42c at a time t7. The reflection intensities R5 (B1/A1), FU (B2/A2) and R7 (B3/Aa) are obtained 
at respective times ts, ts and t7. Therefore, the variation of the one substrate can be illustrated as shown in 
Fig. 12. 

50 Based on this, and utilizing the process as set out with respect to Figs. 4 and 5, the growth parameter 
of the growing semiconductor layer can be derived. 

While the present invention has been disclosed in terms of the preferred embodiment in order to 
facilitate better understanding of the invention, it should be appreciated that the invention can be embodied 
in various ways. Therefore, the invention should be understood to include all possible embodiments and 
55 modifications to the shown embodiments which can be embodied without departing from the scope of th 
invention set out in the appended claims. 

For example, it would be possible to formulate various feedback control systems for controlling growth 
parameters during growth period of the thin semiconductor layer. In addition, it would be possible to obtain 
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higher accuracy in the first embodiment, by taking the refraction index, Al composition x and the growing 
speed at the first lower peak of the curve representative of the variation of the reflected light intensity, as 
initial parameters and by performing derivation of the instantaneous growth parameters, such as refraction 
index, Al composition and growing speed, based on the initial parameters and the instantaneous reflection 
5 intensity measurement. 

Claims 

1. A method for controlling growth and composition of a thin layer grown by means of vapor deposition, 
w comprising the steps of: 

irradiating light beams onto the surface of the said thin layer with an incident angle substantially at 
a right angle with respect to the thin layer surface; 

receiving a light beam reflected from the thin layer for monitoring growth parameters and producing 
a growth parameter indicative signal; and 
'5 feedback controlling growing conditions of the thin layer based on said growth parameter indicative 

signal, 

characterized in that 

one of said growth parameters is a refraction index of said thin layer to be derived on the basis of said 
intensity of the reflected light beam. 

20 

2. A method as set forth in claim 1 , wherein a further of said growth parameters is the composition of said 
thin layer. 

3. A method as set forth in claim 1 or 2 wherein a further of said growth parameters is the relative 
25 intensity of said reflected light with respect to the intensity of the light beam irradiated onto said thin 

layer. 

4. A method as set forth in claim 3, wherein said relative intensity of the reflected light with respect to the 
intensity of the light beam to be irradiated is variable depending upon wavelength of the light beam 

30 irradiated. 

5. A method as set forth in anyone of claims 1 to 4, wherein said thin layer is formed on a substrate which 
is mounted on a susceptor whjch has a slightly inclined mounting surface. 

35 6. A method as set forth in anyone of ctaims 1 to 5 wherein said growing condition is adjusted by 
adjusting flow rate of a reaction gas. 

7. A method as set forth in claim 5 or 6, wherein said susceptor is rotatable about a center axis thereof at 
a given constant speed. 

40 

8. A method as set forth in claim 7, wherein said substrate on said susceptor is cyclically irradiated by the 
light beam for reflecting the light beam at an intensity variable depending upon variation of the growth 
parameter. 

45 9. An apparatus for vapor deposition for forming a thin layer comprising: 

a reaction chamber, through which a controlled amount of a reaction gas flows; 

means for irradiating a light beam onto the growing layer at an incident angle near to a right angle with 
respect to the surface of said growing layer; 

means for receiving the light beam reflected by said growing layer for producing a signal indicative of 
so the intensity of said reflected light beam; 

means for deriving growth parameters of said thin layer based on said reflected light beam indicative 
signal; and 

means for controlling growing condition of said thin layer on the basis of said growth parameter so that 
said growth parameter coincides with a predetermined value, 
55 characterized in that 

said means for deriving growth parameters being adapted to derive a refraction index of said thin layer. 
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10. An apparatus as set forth in claim 9, wher in said means for deriving growth parameters is additionally 
adapted to derive a thickness of said thin layer based on said reflection indicative signal value. 

11. An apparatus as set forth in claim 9 or 10, wherein said means for deriving growth parameters is 
5 additionally adapted to derive relative reflected light intensity relative to a reference light intensity for 

detecting composition of said thin layer. 

12. An apparatus as set forth in claim 11, wherein said means for deriving said growth parameters derives 
said reference light intensity based on the reflected light intensity measured in advance of starting 

w deposition of said thin layer. 

13. An apparatus as set forth in claim 11, wherein said means for deriving said growth parameters derives 
said reference light intensity based on the light intensity of the light beam to be irradiated onto said thin 
layer. 

75 

14. An apparatus as set forth in anyone of the claims 9 to 13, comprising: 

a susceptor being disposed within said reaction chamber and . a substrate mounted on said susceptor 
and means for metal organic chemical vapor deposition, said susceptor being rotatable with said 
substrate about a central rotary axis and 
20 said axis being aligned so that said substrate being aligned to said means for irradiating a light beam at 
a given angular position during rotation. 

15. An apparatus as set forth in claim 14, wherein said means for irradiating a light beam comprises a 
plurality of light beam sources for irradiating light beam at nearly right angles with respect to the 

25 surface of said substrate, each of said light beam sources being arranged to be aligned with said 
substrate at a predetermined angular position of said susceptor. 

Paten tanspru che 

30 1. Verfahren zur Steuerung von Wachstum und Zusammensetzung einer durch Abscheidung aus der 
Dampfphase gewachsenen dunnen Schicht folgende Verfahrensschritte aufweisend: 
Einstrahien von Lichtstrahlen auf die Oberflache der dClnnen Schicht mit einem Einfallswinkel, der im 
wesentlichen ein rechter Winkel in Bezug auf die Oberflache der dunnen Schicht ist; 
Auffangen eines von der dunnen Schicht reflektierten Lichtstrahls, urn die Wachstumsparameter zu 

35 Uberwachen und ein die Wachstumsparameter bezeichnendes Signal zu erzeugen; und 

ruckkoppelndes Steuern von Wachstumsbedingungen der dunnen Schicht auf Basis des die Wachs- 
tumsparameter bezeichnenden Signals, 
dadurch gekennzeichnet, 

dafl einer der Wachstumsparameter ein Brechungsindex der dunnen Schicht ist, der auf der Basis der 
40 Intensitat des reflektierten Lichtstrahls abgeleitet wjrd. 

2. Verfahren nach Anspruch 1 , 

wobei ein weiterer der Wachstumsparameter die Zusammensetzung der dOnnen Schicht ist. 

45 3. Verfahren nach Anspruch 1 oder 2, 

wobei ein weiterer der Wachstumsparameter die relative Intensitat des reflektierten Lichtes in Bezug 
auf die Intensitat des auf die diinne Schicht eingestrahlten Lichtstrahls ist. 

4. Verfahren nach Anspruch 3, 

so wobei die relative Intensitat des reflektierten Lichts in Bezug auf die Intensitat des eingestrahlten 
Lichtstrahls variabel ist abhSngig von der WellenlSnge des eingestrahlten Lichtstrahls: 

5. Verfahren nach einem der AnsprOche 1 bis 4, 

wobei die dUnne Schicht auf einem Substrat gebildet wird, das auf einem Probenhalter befestigt ist, der 
55 eine leicht geneigte Befestigungsoberflache aufweist. 

6. Verfahren nach einem der Anspruche 1 bis 4, 

wobei die Wachstumsbedingung durch Einstellen der FluBrate eines Reaktionsgases eingestellt wird. 
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7. Verfahren nach Anspruch 5 oder 6, 

wobei der Probenhalter urn eine seiner Mittelachsen mit einer gegebenen konstanten Geschwindigkeit 
drehbar ist. 

5 8. Verfahren nach Anspruch 7, 

wobei das Substrat auf dem Probenhalter zyklisch durch den Lichtstrahl bestrahlt wird, um das Licht 
mit einer Intensitat zu reflektieren, die abhangig von der Variation der Wachstumsparameter variabel 
ist. 

10 9. Vorrichtung zur Abscheidung aus der Dampf phase zur Bildung einer dunnen Schicht, aufweisend: 
ein ReaktionsgefSB, durch welches eine gesteuerte Menge eines Reaktionsgases flieBt; 
eine Einrichtung zum Einstrahlen eines Lichtstrahls auf die wachsende Schicht mit einem Einfallswinkel 
nahe einem rechten Winkel in Bezug auf die Oberflache der wachsenden Schicht; 
eine Einrichtung zum Auffangen des durch die wachsende Schicht reflektierten Lichtstrahls, um ein die 

75 Intensitat des reflektierten Lichtstrahls bezeichnendes Signal zu erzeugen; 

eine Einrichtung zur Ableitung der Wachstumsparameter der dunnen Schicht auf Basis des den 
reflektierten Lichtstrahl bezeichnenden Signals; und 

eine Einrichtung zur Steuerung der Wachstumsbedingungen der dUnnen Schicht auf Basis des 
Wachstumsparameters, so daB der Wachstumsparameter mit einen, vorbestimmten Wert Uberein- 
20 stimmt, 

dadurch gekennzeichnet, 

daB die Einrichtung zur Ableitung der Wachstumsparameter so ausgebildet ist, daB der Brechungsindex 
der dunnen Schicht ableitbar ist. 

25 10. Vorrichtung nach Anspruch 9, 

wobei die Einrichtung zur Ableitung der Wachstumsparameter weiterhin angepaBt ist, die Dicke der 
dOnnen Schicht in Abhangigkeit vom Wert des die Reflektion kennzeichnenden Signals abzuleiten. 

11. Vorrichtung nach einem der AnsprOche 9 Oder 10, 

30 wobei die Einrichtung zur Ableitung der Wachstumsparameter weiterhin angepaBt ist, die relative 
Intensitat des reflektierten Lichts in Bezug zur Intensitat einer Referenzlichtquelle abzuleiten, um die 
Zusammensetzung der dUnnen Schicht zu detektieren. 

12. Vorrichtung nach Anspruch 11, 

35 wobei die Einrichtung zur Ableitung der Wachstumsparameter die Intensitat der Referenzlichtquelle 
ableitet auf Basis der vor Beginn der Abscheidung der dunnen Schicht gemessenen reflektierten 
Lichtintensitat. 

13. Vorrichtung nach Anspruch 1 1 , 

40 wobei die Einrichtung zur Ableitung der Wachstumsparameter die Intensitat der Referenzlichtquelle 
ableitet auf Basis der Lichtintensitat, welche auf die dunne Schicht eingestrahlt wird. 

14. Vorrichtung nach einem der Anspruche 9 bis 13, 
aufweisend: 

45 einen Probenhalter innerhalb des ReaktionsgefaBes und ein auf dem Probenhalter befestigtes Substrat 
und eine Einrichtung zur chemischen Abscheidung aus metallorganischen Dampfen (MOCVD), 
wobei der Probenhalter mit dem Substrat drehbar um eine Mittelachse ist und wobei die Achse so 
ausgerichtet ist, daB das Substrat mit der Einrichtung zur Einstrahlung eines Lichtstrahls an einer 
gegebenen Winkelposition wahrend der Rotation ausgerichtet ist. 

50 

15. Vorrichtung nach Anspruch 14, 

wobei die Einrichtung zur Einstrahlung eines Lichtstrahls mehrere Lichtquellen zur Einstrahlung eines 
Lichtstrahls mit beinahe rechten Winkeln in Bezug auf die Oberflache des Substrats aufweist, wobei 
jede der Lichtquellen so angeordnet ist, daB sie mit dem Substrat an einer vorbestimmten Winkelposi- 
55 tion des Probenhalters ausgerichtet sind. 
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Revendicati ns 

1. ProcSde* de commande de la croissance et de la composition d'une couche mince obtenue par 
croissance au moyen d'un depot en phase vapeur, comprenant les e'tapes de : 
5 irradiation de faisceaux lumineux sur la surface de ladite couche mince moyennant un angle 

d'incidence sensiblement a angle droit par rapport a la surface de la couche mince ; 

reception d f un faisceau lumineux r§fl6chi depuis la couche mince pour surveiller des parametres 
de croissance et pour produire un signal indicatif d'un parametre de croissance ; et 

commande en retour des conditions de croissance de la couche mince sur la base du signal 
w indicatif de parametres de croissance, 

caracterise* en ce que : 

Tun desdits parametres de croissance est un indice de refraction de ladite couche mince qui doit 
etre derive sur la base de ladite intensite du faisceau lumineux r£fl6chi. 

75 2. Procede selon la revendication 1 , dans lequel un autre desdits parametres de croissance est la 
composition de ladite couche mince. 

3. Procede* selon la revendication 1 ou 2, dans lequel un autre desdits parametres de croissance est 
rintensite* relative de ladite lumiere r6fl6chie par rapport a rintensite* du faisceau lumineux irradiS sur 

20 ladite couche mince. 

4. ProcSde* selon la revendication 3, dans lequel ladite intensite* relative de la lumiere r^flechie par rapport 
a rintensite du faisceau lumineux qui doit etre irradie varie en fonction de la longueur d'onde du 
faisceau lumineux irradie. 

25 

5. Procede selon Tune quelconque des revendications 1 a 4, dans lequel ladite couche mince est formed 
sur un substrat qui est monte* sur un suscepteur qui predente une surface de montage I6gerement 
inclined. 

30 6. Procede* selon Tune quelconque des revendications 1 a 5, dans lequel ladite condition de croissance 
est regime en reglant le debit d'un gaz de reaction. 

7. Procede* selon la revendication 5 ou 6, dans lequel ledit suscepteur peut tourner autour de son axe 
central a une vitesse cpnstante donned. 

35 

8. Procede selon la revendication 7, dans lequel ledit substrat place sur ledit suscepteur est irradie* 
cycliquement par le faisceau lumineux pour refledhir la lumiere selon une intensite qui varie en fonction 
de la variation du parametre de croissance. 

40 9. Appareil de d£pot en phase vapeur pour former une couche mince, comprenant : 

une chambre de reaction au travers de laquelle une quantity commanded d'un gaz de reaction 
s'ecoule ; 

un moyen pour irradier un faisceau lumineux sur la couche de croissance selon un angle 
d'incidence qui forme pratiquement un angle droit par rapport a la surface de ladite couche de 
45 croissance ; 

un moyen pour recevoir le faisceau lumineux rSfiedhi par ladite couche de croissance pour 
produire un signal indicatif de rintensite* dudit faisceau lumineux refledhi ; 

un moyen pour deliver des parametres de croissance de ladite couche mince sur la base dudit 
signal indicatif de faisceau lumineux rgfledhi ; et 
so un moyen pour commander une condition de croissance de ladite couche mince sur la base dudit 

parametre de croissance de telle sorte que ledit parametre de croissance coincide avec une valeur 
predetermined, 

caracteVise* en ce que : 

ledit moyen pour deViver des parametres de croissance est concu pour deViver un indice de 
55 refraction de ladite couche mince. 

10. Appareil selon la revendication 9, dans lequel ledit moyen pour deViver des parametres de croissance 
est en outre concu pour deViver une 6paisseur de ladite couche mince sur la base de ladite valeur de 
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signal indicatrice de reflexion. 

11. Appareil selon la revendication 9 ou 10, dans lequel ledit moyen pour 66 river des parametres de 
croissance est en outre congu pour deriver une intensite lumineuse refl£chie relative par rapport a une 

5 intensite* lumineuse de reference pour detecter une composition de ladite couche mince. 

12. Appareil selon la revendication 11, dans lequel ledit moyen pour deliver lesdits parametres de 
croissance derive ladite intensite lumineuse de reference sur la base de I'intensite lumineuse refl^chie 
mesur^e avant !e d§but du depot de ladite couche mince. 

w 

13. Appareil selon la revendication 11, dans lequel ledit moyen pour de* river lesdits parametres de 
croissance derive ladite intensite lumineuse de reference sur la base de I'intensite lumineuse du 
faisceau lumineux qui doit etre irradie sur ladite couche mince. 

75 14. Appareil selon Tune quelconque des revendications 9 a 13, comprenant : 

un suscepteur qui est dispose dans ladite chambre de reaction et un substrat qui est monte* sur 
ledit suscepteur ainsi qu'un moyen en vue d'un depot chimique en phase vapeur d'organom^tallique, 
ledit suscepteur pouvant tourner avec ledit substrat autour d'un axe de rotation central et ledit axe 6tant 
aligns de telle sorte que ledit substrat soit aligns par rapport audit moyen pour irradier un faisceau 

20 lumineux selon une position angulaire donnee pendant la rotation. 

15. Appareil selon la revendication 14, dans lequel ledit moyen pour irradier un faisceau lumineux 
comprend une plurality de sources de faisceau lumineux pour irradier un faisceau lumineux pratique- 
ment a angle droit par rapport a la surface dudit substrat, chacune desdites sources de faisceau 
25 lumineux 6tant agenc^e de maniere a etre aligned avec ledit substrat selon une position angulaire 
predetermined dudit suscepteur. 
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